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PRAIRIE VIEW A&M UNIVERSITY 
COLLEGE OF ENGINEERING 
DEPARTMENT OF CHEMICAL ENGINEERING 
NASA/US RA - ADVANCED DESIGN PROGRAM 
PHASE II - TASK lB 

CONCEPTUAL DESIGN OF AN INTEGRATED WATER TREATMENT SYSTEM 

TO SUPPORT A SPACE COLONY 

SUMMARY: 

In Phase II - Task 1A the Prairie View A&M University 
team completed the conceptual design of; a breathable air 
manufacturing system, a means of drilling for underground 
water, and storage of water for future use. The design 
objective of the team for the 1987-88 academic year (Phase 
II - Task IB), has been the conceptual design of an 
integrated system for the supply of quality water for 
biological consumption, farming, residential and industrial 
use. The source of water for these applications is assumed 
to be artesian or subsurface. 

The first step of the project was to establish the 
design criteria and major assumptions. Among these, we have 
included: 

1. Water is scarce, therefore efficient water management 
through maximum recovery and reuse is critical. 

2. Pollution problems will be minimized by exercising 
strict control on water discharge. 

3. An effective hierarchial monitoring and control 
system will provide for quality control, and prompt 
attention to faulty equipment and leaks. 

4. Since the pressure of the Martian atmosphere is only 
a small fraction of the earth atmosphere, all vessels 
and equipment must be sealed to prevent evaporation. 

5. Three classes of water are defined: a. Water for 

farming must have a maximum mineral content such 
that plant life will flourish, b. Water for drinking 
must be free of pathogenic organisms and have a 
maximum salt content of less than 200 ppm. c. Water 
for manufacturing must be sufficiently free of ions 
such that they will not interfere with the 
manufacturing process or damage the quality of the 
product, d. Ion-free water will be provided for use 
in boilers in order to avoid erosion or corrosion of 
the materials of construction. 



6. The various impurities which may be found in water 
and are reduced or removed at successive stages of 
treatment are: 

turbidity, color, hardness, alkalinity, free 
mineral aeid, carbon dioxide, pH, silica; 
oil, oxygen, hydrogen sulfide, ammonia, dissolved 
solids, suspended solids, organic solids, 
micro-organisms, and sulfate, chloride, nitrate, 
flouride, iron and manganese ions. 

7. It has been assumed that the potential underground 
raw water supply resembles in quality from 
representative sources of underground water in 
Texas . 


The assumed water impurities are: 


Sodium Chloride {NaCl} 

Magnesium Chloride {MgCl-} 
Magnesium Bi-Carbonate {Mg(HC0 3 ) 2 } 
Calcium Bi-Carbonate {CafHCO,)^} 
Calcium Sulfate {CaSO^} z 


meq/1 

ppm 

7.80 

456.3 

0.60 

28.6 

0.36 

43.9 

0.57 

46.2 

3.07 

208.0 


8. Advanced technologies, which are not widely applied 
on earth, rather than traditional biological 
treatment, softening, and clarification techniques 
should be sought. 

The second step of the effort was to generate a general 
block diagram of the expected treatment system and assign 
tasks to individual students. Among the treatment steps 
considered are: 

sedimentation, softening, sand filtration, 
disinfection, ultrafiltration, reverse . 
osmosis, demineralization, electrodialysis, 
vapor-compression evaporation, domestic 
waste treatment, and industrial waste 
handling . 

At this early phase of study, no specific industries were 
selected, and hence no specific waste facilities were 
designed. It appears appropriate at this point in time to 
assume that evaporation by depressurization is a feasible 
means of recovering a major portion of the industrial waste 
water . 


The list of processes for water purification and wastewater 
treatment given above suggests that there will be a need for 
on-site Chemicals manufacturing for ion-exchange 
regeneration, and disinfection. 

The third step of the project was to set up a basis for 
the design capacity of the system. A total need of 10,000 
gal/day was assumed required. It was also assumed that 
30,000 raw-water intake volume is needed to produce the 
desired effluent volume. The following is a summary of the 
potential users and the level of treatment required: 


APPLICATION 

Farming 


Domestic 

(Washing/Cooking ) 


Drinking 


Processing 
( Manufacturing) 


Steam and Special 
Users 


EFFLUENT 

Municipal (domestic) wastewater 
treatment effluent. All waste 
produced by quarters and biologi- 
cal waste is directed to the 
waste water treatment facility. 
Additional water needed can be 
supplied by proper blending of 
reverse osmosis (stage 1) unit 
effluent and raw water to arrive 
to the desirable salinity level. 

The effluent from the reverse 
osmosis (stage 1) is disinfected 
and stored for use in the 
quarters . 

A part of the effluent from the 
reverse osmosis (stage 2) is 
disinfected and stored. 

The major part of the reverse 
osmosis (stage 2) effluent is 
directed for this application. 

Ion-free deaerated water is 
produced for applications that 
require high purity water. 


The fourth step of the project was for every individual 
student to screen the technology available and select the 
most suitable process(es) for his treatment phase. Detailed 
assumptions and criteria were established for each individual 
unit. As a result of these screening studies, the following 
sequence of treatment steps are selected for the system: 



Sand Filtration : The purpose is to remove suspended 

solids with particle sizes of 10 microns and above. 

The process selected is a sand on gravel bed constructed 
on site. This has been chosen over cloth filtration and 
rotary vacuum filtration. The former is excluded 
because of the semi-manual nature of operation, the 
latter was excluded because of the moving parts and 
frequent need for maintenance. Figure 1 shows a guide 
for solid removal process selection. 

Ultraf iltration : The process was selected as an 

additional cleaning step, for the removal of fine 
suspended solids; over microfiltration, centrifugation, 
and ultracentrifugation. Ultrafiltration was selected 
because it has a high removal efficiency for a wide 
range of particle sizes and has less moving parts. Size 
range of removal is 0.01 to 10 microns. 

Reverse Osmosis : The process operation is based on 

increasing the pressure above the osmotic pressure of 
the brine solution to force clear water molecules 
across a permeable membrane. Two stages of reverse 
osmosis were preferred over one stage, each has a 
different membrane permeability. The first stage 
effluent can be used, in part, for domestic and farming 
applications. The remaining part of the first stage 
effluent is directed to the second stage osmosis process 
to produce extra clean water for industrial processing. 
The process was selected over electrodialysis for the 
lower power requirements, and over the ion exchange 
process for the size and weight. 

Demineralization : This is an ion exchange process, and 
is being selected as a topping cleaning step to produce 
an ultra ion-free water for speciality manufacturing 
and steam making. The unit will be of much smaller 
size due to the fact that only a small part of the 
volumetric flowrate going through the second stage of 
the reverse osmosis unit will be demineralized. 

Domestic Wastewater Treatment : The technology available 

is divided into two types based on cost only. The 
diversity of processes to select from is exemplified in 
Figure 2. Industrial wastewater facilities were not 
addressed at this point due to lack of information about 
the nature of contaminants produced. 


A general arrangement of the designed system is shown in 
Figure 3. The industrial portion is hypothetically drawn and 
boxed for future analysis. The names of investigators are 
also written on the corresponding unit of the system. 


Figure 1 Infective Ranges of Some Separation Techniques 

Adapted from ' Membrane Separation Processes" by R. E. Lacey In Chemical Engineering. 4 September 1972. 
Copyright C 1972 by McGraw-Hill. Inc. Reprinted by permission. 
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SIMPLIFIED PLANT- WATER CIRCUIT 
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Table 1: Impact of common foulants on resin 

Foulant Causa Impact 

CADON R£Uh ' 

Calcium Precipitation of calcium sulfate; poor Reduced capacity; hardness 
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Technical Data Sheet Principal Uses: A highly porous anion exchanger for use in all types 

of deionizers, performing best on waters having a high percentage of 
DOWEX SBR-P Resin weak acids (CCh and SiOi) to total anions. Also used in ion exchange 

waste treatment processes. Operating temperature below 120°F, (49°C). 

Genera! Description .* A styrene type, strongly basic anion ex- 
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Capacity Rating of DOWEX Cation Exchangers 
Corrected for Leakage 
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Operating Exchange Capacity of DOWEX SBR-P Resin 
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WASTEWATER CONSTITUENTS 


Characteristic 

Somers 

I Physical (if opcrtics: 

Color 

Oomcslic nnd industrial wades, 
natural decay of organic mnlcrinls 

Odor 

Decomposing wastewater, industrial 

WRSlCI 

Solids 

Domestic wntcr supply, domestic and 
Industrial wastes, soil erosion, 
inllnw-iiililtmiion 

Temperature 

Chemical const! t ucitis: 
Ui panic: 

Domestic and industrial wastes 

Carbohydrates 

Domestic, commercial, ami lodusltlnl 
wastes 

Puts. oils, uml grease 

Domestic, commercial, and industrial 
wastes 

Pesticide* 

Apiicullunil wastes 

Phenols 

Industrial wastes 

I'roicMiji 

Domestic and commercial musics 

Surfactants 

Domestic and Industrial wastes 

Olliers 

Natural decay of organic mnlcrinls 

liturgtmic: 

Aik tilinily 

Domestic wastes, domestic Mater 
supply, groundwater infiltration 

Chlorides 

Domestic water supply, domestic 
wastes, groundwater infiltration, 
water softeners 

Heavy metals 

Industrial wastes 

Nitrogen 

Domestic ami agricultural wastes 

l»H 

Industrial wastes 

Phosphorus 

Domestic and industrial wastes, natural 
itiiioll 

Sullur 

Domestic water supply, dumeslic and 
industrial wastes 

Toxic compounds 
Clmcs: 

Industrial wastes 

Hydrogen sulllde 

Decomposition of domestic wastes 

Methane 

Decomposition of domestic wastes 

Oxygen 

Domestic water supply, surface-water 
infiltration 

lllolofiicid constituents: 1 

Animals 

Open watercourses and treatment 
plants 

Plants 

Open watercourses and treatment 
plants 

Protista 

Domestic wastes, treatment plants 

Vituses 

Domestic wastes 
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DESIGN ASSUMPTIONS 






WASTEWATER COMPOSITION 
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HEAT IN (EACH TANK, SEE LT HEATING SUPPLY) 
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TRANSIT CAPSULE HARDWARE 
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Precipitation 


Thioacatamide 


MCI 

(vmiesl 

II 70 
II O 

(M.Cn.Hi 
ri.tl./n, 
M< t 

Metal tullldet 

Cooling tower blow- 
down 

MCI 

15-200 ftfStlt 

2.3 

Cr.Mu.Sr , 
Cu.Ni.Co 

Dibromo-oxine 

Seawater 

Acetone 

ppb 

8.0 

Cu.2n,Co t 
Mn, Pis, Cr 

Potassium 

Ferrocyanide 

Eleetroplathsp 

solutions 

Activated cmtion 

‘ 


Pli.r.n.Cd. 

Zn.le.Ni, 

Co 

Diaikyldithio- 

carbamates 

Process streams 

- 

70 ppm 

4.2 

Zn.Cu.Fe 

Oxalate or sullata 

Radioactive rime 
wet nr 

- 

40 pph 


fit 

Polyeleclrolytes 

Process solvents 

Pol yrvHactur onlc A 
alginic acids 

ntq/l 

4 .0 4 .5 

Cit.Cd.2n, 
Ni. Cr 

Aluminum sulletes 

Industrial & 
municipal water 

- 

0.20 mg/l 

08-7.0 

Pls.Cn.Cr, 

Cd.Ztt.NI 

Lima 

Industrial A 
tnunlcisml wntnr 


0 70 nai/l 

no 

Mm A ntheii 

Carbonates 

Industrial & 
municipal woter 

CaO or NaOH 

0.7 mg/I 

9.5 

Mn A others 

Hydroxides 

n. Imlusiitnl A 

MltlMII l|Htl Wlllftl 

CalOMI, 

mils r»l itMi/l 

nr* 

rii.fti.ri, 
Nt. I'm. M.s. 
/« 

Mn 


Is. Rea water 

1 li fOI ll 4 

74 

0 0 


e. Seawater 

MniOll), 

00 un/l 

- 

Cn 


d. Process solutions 

MqlOHI, *Cn(OM) t 

g/t 

- 

Sss.PIs 


Municipal A 
Industrial water 

NaQM 

HMH nt nitt/1 

>0.5 

Mn A issIums 
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SUMMARY OF TECHNIQUES FOR REMOVING METALS 


Method 

Source 

Mnagants 

Com .mlratinit 

(til Manga 

Ions 

Extraction 

Water 

Aiiiiimmikiim ftynoli 
rime itiitnm in I hi 
Ilk'll e. methyl iso 
btrtyl ketone, 
ehlorolnr m 

Seyer al pi >li 

d.h a 

Cu.Pli.NI, 

/n.CH.Cn. 

Mn.Mo.V 

Foam i*parillon 

Industrial 

N, , till 1 iirtiml 

n or. n/i A 

fowei 

!».!» fi 

Nt.Ci.Cn, 

Sr 

Autoclaving 

Biological samples 

Steam 

ppb 

- 

Ti.Cr.Cu, 

Pb.Mn,Sn 

Adsorption on 
alumina 

Rndioactiva rinse 
water 

— 

Up m 1 x 
111 * mnlet/l 

0.0 

Sr 

Aaratlon 

A 

Industrial water 
supplies 

KMnl), , activated 
cat trim 

11. 7 mti/l 


Mn ,1 a 

Manganese 
xaolita bad 

Uttravtolxt 
radiation A 

Municipal & 
Industrial water 

Seawater, fie^hwatar, 
Industrial streams 

KMn0 4 , anthracite 

0.2 mg/I 


Mo, Fa 
Alt 

magnatic (laid 

Pa par chroma to- 
graphic separation 


Mixture ol chloro- 
form, methanol, 
acetone, isopentanol 
A fm mic and, 

INOA MCI 

ppb 


Cu.Pb.Cd, 

0l.Mg.Mn, 

Cn.Ni.Cu, 

Zn.ra 

Rotating alactrodas 

Piocess streams, 
seawater 

- 

- 

- 

All 

Biological 

a. Acid mine 

water s 

1» Munir *t*al A 
In. Imti ial wtiinf 
in earns 

Yeatis, sulfur, 
fllurmn 
Mm lei la 

10s of mo/I 

3.5 

Cu 

1 i»,Mii 

Ion Exchange 

Chelan- 100 

Sea & fresh water, 
process waters 

HCI 

Varies 

56 

Cu.Pb.Cr. 

NI.7m.Co, 

Cil.Mn 

Chitosan 

Salt water 

EDTA 

ppM varies) 

- 

Mn.Ti.Cr, 

Pb 

Ambarllta 

Process liquid 

Eluant 

Varies 

— 

Cd.Cn.Cu 

Plr.V.Zn, 

Ni 

Titanium 
arsenal a 


NM 4 NO, HINO, 

Varies 


Plr.Cti.Cd, 

Sr.7n.Mn, 

Ni.Co 

Parmutit*SI005 

Seawater 

Eluant 

ppb 

7 0 

S.OtMn.Ci) 
BO (VI 
0.0 (Mil) 

Ctl.Co.Cti, 

I’b.NI.Zn 

C» 

OeAcidita FF 
* dibromo-oxina 

Seawater, cooling 
tower blowdown 

HCI or M, SU 4 

ppb 200 ppm 


Co.Zn.Cr 

Zao-Karb 225 

Process streams, 
rain water 

h,so 4 

Pl»b 


Sr 

Unwax 

Water , |iiru n« 
tire, tins 

f llllIMt 

inti |«|im 

Viri let 

n.st m.» 
Cd.Cr .ClI. 
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Well casing and completion for deepwell 
disposal into limestone or dolomite 





HYPOTHETICAL INDUSTRIAL WASTE MANAGEMENT SCHEME 


I 

I 


ORIGINAL PAGE IS 

OF POOR QUALITY 

















ONftGUNAL PA3L 16 
OF POOR QUALITY 


diagram for the OPERATION |— ] 

OF THE CONTROL UNIT ^13 


5qI*4s 

'rfc.rr*yjqt 










INTEGRATED WATER SYSTEM FOR 
SPACE COLONY PHASE ll-TASK 




ORIGINAL PAGE IS 
OF POOR QUALITY 





























I 

I 


ORIGINAL PAGE IS 
OF POOR QUALITY 









































































ORIGINAL PAGE IS 
OF POOR QUALITY 



(U 

o 

/ 

\ 10 


4-> 

( rH 

) 4J 

* 


V j 

/ CO 

o 


N 


, . 

w 




INTEGRATED WATER SYSTEM FOR 
SPACE COLONY PHASE II- TASK 




















I 

I 


ORIGINAL PAGE IS 
OF POOR QUALITY 






























